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(54) STIMULUS RESPONDING TYPE SEPARATING MATERIAL AND SEPARATING AND REFINING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a separating material which has a high specificity to a target materia! and 
can easily recover the target material by forming a domain composed of stimulus responding high molecular chains 
and another domain having an affinity to the target material on the surface of a base material and a separating 
system. 

SOLUTION: A separating material has a domain composed of stimulus responding high molecular chains and another 
domain having an affinity to a target material on the surface of its base material. The stimulus responding type high 
molecule can be a graft copolymer, a alternating copolymer, or a random copolymer. It is preferable to select a 
suitable copolymer out of the copolymers by taking the nature of a target cell to be separated and the magnitude of 
the structural change of the copolymer caused by the stimulus response into consideration. The most suitable target 
material is a cell. When phase separation occurs on the surface of the base material, the capping phenomenon which 
is often observed when cells are adsorbed to the surface of a separating material is avoided and the cells are softly 
adsorbed to the surface, because ligands unevenly exist when viewed microscopically in accordance the phase 
separating structure. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Stimulus response type separation material characterized by having the field which consists of a stimulus 
responsibility macromolecule chain, and the field which has compatibility to the target matter on a base-material front 
face. 

[Claim 2] Stimulus response type separation material according to claim 1 characterized by having the copolymer 
which has the chain which consists of a stimulus responsibility field, and the chain which has compatibility to the 
target matter on a base-material front face. 

[Claim 3] Stimulus response type separation material to which the aforementioned base material is characterized by 
the bird clapper from a porosity object in the stimulus response type separation material which has the field which 
consists of a stimulus responsibility macromolecule chain, and the field which has compatibility to the target matter 
on a base-material front face. 

[Claim 4] The separation refining method of the matter characterized by desorbing the target matter from this 
separation material by changing the higher order structure of this stimulus responsibility macromolecule chain after 
making the target matter stick to this separation material using the stimulus response type separation material which 
has the field which consists of a stimulus responsibility macromolecule chain, and the field which has compatibility to 
the target matter on a base-material front face. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to a new separation material using the matter 
which has specific compatibility to the target matter, and the stimulus responsibility macromoiecule, its manufacture 
method, and the separation method. 
[0002] 

[Description of the Prior Art] In recent years, the research using the cell or the gene of a cell therapy or gene therapy 
prospers with development of a cell technology, genetic engineering, etc., and the technology separated without 
damaging the cell and biological substance which were made into the purpose is important. Moreover, production of 
physiological activity molecules, such as a peptide by the bionics-technique, protein, and glycoprotein, is performed by 
development of biotechnology, a cell and bioproducts are simple and recovery and purification with few injuries are 
desired. 

[0003] In the unit operation of separation and refining, such as adsorption, distribution, distillation, and a deposit 
currently conventionally used in the chemical-industry field, in order to force it a large environmental variation to the 
refined matter, it is suitable for neither the above-mentioned cell nor separation of bioproducts in many cases with 
addition of heat or an organic solvent etc. 

[0004] The methods according to volume (molecular weight) or density as the separation method of a cell or 
bioproducts (sedimentation velocity method, density gradient centrifugation, gel filtration technique, etc.). The 
methods (electrophoresis etc.) by the difference of the mobility in the inside of electric field, the method by the 
isoelectric point, the method (the two-layer distributing method, partition chromatography) by distribution of a 
between [ 2 liquid phase (eiectrofoc using etc.) ], the method (an adsorption chromatography, affinity chromatography) 
by the difference of the adsorptivity to solid phase, etc. are learned. 

[0005] many of these separation methods are physicochemical — physicochemical, although a character can apply to 
separation of a greatly different cell component — application was difficult for separation of the component which the 
character resembled well, or a cell, for example, a lymphocyte subset In this, the method for the target matter that 
selectivity is high is affinity chromatography, and is used increasingly widely in recent years. The separation method 
using the bead and petri dish which combined the monoclonal antibody to the membrane protein which exists in the 
surface of a target cell as affinity chromatography for a cell is reported, and subset separation of the various 
lymphocytes by this method is also reported (for example, Journal of Immunological Method, No. 54, 251 pages, 
Brown's and others research report indicated in 1 983). Although it was an advantage that the method using this 
antibody has very high singularity, it being necessary to lengthen time (contact time) for the desorption of the cell to 
which it stuck being difficult as a fault, and an antibody combining with the antigen of a cortex, consequently 
un-unique adsorption might increase. 

[0006] The method of making it stick to separation material for a short time is proposed by WO 91/1 61 1 6 using a high 
combination of compatibility like an avidin-biotin as a method which improved the above-mentioned fault. That is, 
after combining with a target cell beforehand the antibody which carried out the indicator over many hours by the 
biotin, a target cell can be efficiently separated by making it stick to the separation material which combined the 
avidin in a short time. However, by this method, since recovery of a target cell is performed by dissociating 
combination of an antibody and a target cell, and combination with an avidin and a biotin using physical vibration, the 
injury or depression of a cell by the collision of beads etc. do not escape. 

[0007] The cell culture base material which covered the front face with the polymer or the copolymer which has the 
upper limit or minimum critical solution temperature to the water indicated by JP.2-21 1 865.A in 0-80 degrees C as a 
method of collecting so that a cell function may not be spoiled is reported. This method is the method of carrying out 
the desorption of the cell to which it stuck when used the temperature responsibility macromoiecule which carries out 
phase transition to a hydrophobic-property-hydrophiiic property with temperature, changing temperature after making 
a cell adsorb in the state where the temperature responsibility macromoiecule was hydrophobic and contracted, 
becoming a hydrophilic property and swelling. The fault of this method is that the singularity over a cell cannot collect 
specific cells from the liquid with which various cells exist for a low reason. Sticking to the front face where curvature 
is small was known, and especially many, such as a macrophage, a leucocyte, and a lymphocyte, were impossible for 
collecting specific lymphocytes etc. alternatively using this separation material that processed the filter and the 
nonwoven fabric configuration. 
[0008] 

[Problem(s) to be Solved by the Invention] Therefore, this invention has the high singularity over the target matter, 
and aims at offering the separation material and the separation system which can collect target matter simple. 
[0009] 

[Means for Solving the Problem] The purpose of the above-mentioned invention is attained by the following stimulus 
response type separation material and its manufacture method. 

(1) Stimulus response type separation material characterized by having the field which consists of a stimulus 
responsibility macromoiecule chain, and the field which has compatibility to the target matter on a base-material front 
face. 

(2) Stimulus response type separation material given in (1) characterized by having the copolymer which has the chain 
which consists of a stimulus responsibility field, and the chain which has compatibility to the target matter on a 
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base-material front face. . .... 

(3) Stimulus response type separation material to which the aforementioned base material is characterized by the bird 
clapper from a porosity object in the stimulus response type separation material which has the field which consists of 
a stimulus responsibility macromolecule chain, and the field which has compatibility to the target matter on a 
base-material front face. 

(4) The separation refining method of the matter characterized by desorbing the target matter from this separation 
material by changing the higher order structure of this stimulus responsibility macromolecule chain after making the 
target matter stick to this separation material using the stimulus response type separation material which has the field 
which consists of a stimulus responsibility macromolecule chain, and the field which has compatibility to the target 
matter on a base-material front face. 

[0010] 

[Embodiments of the Invention] In this invention, especially the target matter is not limited but can illustrate protein, 
glycoprotein, a nucleic acid, a cell, an artificial cell, a synthetic high polymer, etc. Although the separation material of 
this invention is a material which has the field which consists of a field which has compatibility to a stimulus 
responsibility macromolecule chain and the target matter on a base-material front face and especially a surface state 
is not limited, it is desirable that the base-material front face is carrying out phase separation. Although the molecule 
(ligand) which has compatibility to the target matter exists unevenly in micro according to phase separation structure 
at this time, it is desirable in that case that the size of the target matter is smaller than the size of the field which has 
compatibility to this target matter. As a method of making phase separation structure forming in a base-material front 
face, the method of using a block copolymer for a stimulus responsibility macromolecule is desirable. Although there 
are generally some which show compatibility between macromolecules, it is known that many macromolecules will 
start phase separation. Discovering micro phase separation structure regular the shape of the shape of **** and 
stripes and in the shape of a lamellae is known, and especially a block copolymer has such desirable structure as a 
separation material of this invention. 

[0011] Moreover, as structure of a stimulus responsibility macromolecule, a graft copolymer, an alternating copolymer, 
or a random copolymer is sufficient As for these copolymers, it is desirable to choose in consideration of the property 
of the target cell to separate and the size of the structural change by the stimulus response of a copolymer. Although 
it cannot specify clearly since it changes with external environments, the ratio of the compatibility field of the target 
matter in a base-material front face is 20 - 80% preferably 10 to 90%, when adsorbing the target matter. 
[0012] As target matter, a cell can be illustrated suitably. Here, since the ligand exists unevenly in micro according to 
phase separation structure when the base-material front face is carrying out phase separation, the capping 
phenomenon by which a cell is often observed when a separation material-list side is adsorbed will be avoided, and it 
will adsorb soft Therefore, the injury on a cell decreases, and the outstanding performance will be discovered, when 
making the function of a cell in which it adsorbed discover, or when carrying out separation refining (recovery). The 
cell made into a target is not limited. Moreover, for example, an epithelium system cell, a hepatocyte, The pancreas 
RA islet cell, a macrophage, a monocyte, Kupffer cell, the RA islet cell, a spontaneous killer cell (CD56+), According to 
the purpose,' it is selected from undifferentiated cells (CD34+), such as a platelet and a blood stem cell, a B 
lymphocyte, a T lymphocyte and its subset, various kinds of tumor cells (CD4+, CD8+, CD19+, CD71+, IL2R+, etc.), a 
functional cell, etc. 

[0013] What is necessary is just the macromolecule which higher order structure changes with heat pH, potential, 
light, etc., and swells in solution or is contracted as a stimulus responsibility macromolecule. For example, it has the 
upper limit critical temperature or minimum critical temperature to water, a temperature change is answered, and it 
swells. - The macromolecule to contract can be illustrated suitably. As such a macromolecule, the derivatives of 
acrylamides, such as N-isopropyl acrylamide, N and N-diethyl acrylamide, and an N-isopropyl meta-acrylamide, or a 
meta-acrylarnide are begun, and polymer and copolymers, such as a vinyl methyl ether, can be illustrated. [, such as 
vinyl ether, ] 

[0014] Moreover, when making it change structurally by light the macromolecule which starts photoisomerization like 
the water absorbing polymer which has an azobenzene machine, the photo-responsive polymer which has the 
induction machine which carries out optical ionic dissociation like the copolymer of the vinyl derivative of a 
triphenylmethane-color leuco hydro oxide and an acrylamide system monomer, the photo-responsive polymer which 
produces phase transition by light in a constant-temperature field by carrying out optical control of the hydrophobic 
interaction like N-isopropyl acrylamide gel containing spirobenzopyran can be used. 

[0015] In order to produce a structural change electrochemically, the electric responsibility macromolecule which has 
a ferro SENIRU machine in a side chain like the copolymer of a vinyl ferrocene and N-isopropyl acrylamide can be 
illustrated. Although a ferro SENIRU machine is a hydrophobic functional group, since a hydrophilic property will 
increase if it oxidizes, it can control swelling - contraction by reduced condition electrochemically in a fixed 
temperature field. 

[0016] A temperature field controllable by the electrical and electric equipment or light can be arbitrarily controlled by 
carrying out little copolymerization of a hydrophilic monomer or the hydrophobic monomer to the monomer which 
forms a temperature responsibility macromolecule like said alkyl acrylamide. For example, if copolymerization of the 
hydrophobic monomer is carried out, a phase transition temperature will become low, and if copolymerization of the 
hydrophilic monomer is carried out, a phase transition temperature will become high. 

[001 7] What is necessary is to copolymerize the monomer which has the functional group which carries out ionic 
dissociation, or just to make the molecule which catches ion introduce into a side chain, in order to guide a structural 
change by ion or to accelerate. For example, as for the poly N-isopropyl acrylamide which introduced into the side 
chain the crown ethers (BENZO [18] crown -6 etc.) which recognize sodium and a potassium, phase transition is 
caused by sodium ion and potassium ion. 

[0018] Change of the macromolecule structure by environment such as pH and ionic strength, can also be used on 
the conditions to which damage on a cell function does not become intense. The structure control by pH or ionic 
strength is applicable about the high molecular compound which has an ionic dissociation machine called the polyvinyl 
amine and polyvinyl allylamine which have the polyacrylic acid which has a carboxyl group, a polym etna cry lie acid, the 
polyvinyl sulphate which has a sulfonic group and polystyrene sulfonate, and an amino group. In this case, since the 
nonspecific adsorption by the electrostatic interaction tends to happen, it must be careful. 

[0019] in addition, the stimulus response type separation material which has the macromolecule which answers 
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especially more two or more environmental variations which combine the above-mentioned technology is also 

producible # , , , 

[0020] The molecular-recognition element artificially designed so that the synthetic compounds which show 
compatibility to the target matter by the ligand which adsorbs the target matter by the specific compatibility seen with 
the controlling mechanism of living bodies, such as a reaction of an antigen-antibody, an enzyme-substrate (inhibitor), 
various kinds of physiological active substances, and its receptor, an electrostatic interaction, a hydrophobic 
interaction, hydrogen bond, a van der Waals interaction, etc., and those interactions could be discovered effectively 
exists in the field which has compatibility to the target matter. 

[0021] It does not necessarily need to combine with a stimulus responsibility macromolecule chain chemically, and the 
field which has compatibility to the target matter makes phase separation structure form using the blending method or 
a laminated layers method, and should just be combined with the front face. Moreover, it is also possible to combine 
the matter which is made to form uneven structure preferably using a pulverized coal 2 micrometers or less etc., and 
has compatibility to the target matter on this pulverized coal the diameter of 5 micrometers or less which consists of 
a metal, a ceramic, or the organic substance. 

[0022] As a method of combining chemically the field and stimulus responsibility macromolecule chain which have 
compatibility to the target matter, the method using the reactant functional group introduced into the stimulus 
responsibility macromolecule chain is desirable. Although this joint method can be attained by the method using the 
well-known chemical reaction, combination which consists of a spacer or two or more sorts of compounds may exist 
between both combination. Although it is desirable not to **** easily on physiological conditions as a joint format, it is 
not necessary to be necessarily covalent bond, and combination using ion complex, the electron donor acceptor 
complex, etc. is sufficient. Moreover, you may be combination using biochemical compatibility, such as a biotin-avidin 
which has high compatibility on physiological conditions, biotin-streptoavidin, riboflavin-riboflavin joint protein, protein 
A-IgG, and protein G-IgG. Since the biotin labelled antibody etc. is marketed and the combination of a biotin-avidin 
can come to hand easily, it can fix the antibody to the target matter in a reactant functional group through an avidin. 
[0023] Functional groups, such as a carboxyl group, an aldehyde group, the amino group, an imino group, a sulfonic 
group, an epoxy group, an isocyanate machine, an acid-chloride machine, a hydroxy group, a thiol group, and a disulfide 
machine, can be illustrated that a reactant functional group should just be a functional group which can combine the 
ligand which has compatibility to the target matter. Moreover, it may be activated by carbonyldiimidazole, the tosyl, 
tresyl, etc. It is possible to combine the ligand to the target matter using direct or a condensing agent, or a cross 
linking agent using these functional groups. Since a reactant functional group can simplify reaction operation like an 
epoxy group as they are the direct amino group, a carboxyl group, and the type that reacts, it is desirable. In the case 
of a reactant low functional group, it is also possible like a hydroxy group to fix a ligand in both ends using the cross 
linking agent which has a reactant high functional group, for example, the poly isocyanate compound, the poly epoxy 
compound, a dialdehyde compound, etc. 

[0024] A well-known method is sufficient as the method of making the chain which has a reactant functional group 
form. For example, the method of making the chain which has a reactant functional group forming, the method of 
introducing a reactant high functional group by carrying out chemical modification of the already formed chain, etc. 
can be illustrated by homopolymerizing the monomer which has a reactant functional group, or copolymenzing with 
other monomers. . 

[0025] Although especially the base material of separation material is not limited, its porosity objects, such as a 
porous membrane and a porosity filter, may be desirable, and nonporous **** is sufficient as it. Furthermore, 
especially the configuration is not limited, either but the shape of the shape of the shape of a plate and a petn dish, 
fibrous, nonwoven blanket-like one, and a bead etc. can be illustrated, and it may be used by the module etc., being 
contained in the column which suited each configuration. 

[0026] Moreover, about the quality of the material used as the base material, especially if it is undissolved to water, it 
will not be limited, either, but a polyolefine, a halogenation polyolefine, polyurethane, a polyamide, polyester, cotton, 
polystyrene, those denaturation objects, copolymers, etc. can illustrate the existing material. 
[0027] The block copolymer which has the chain which the manufacture method of the stimulus responsibility 
separation material of this invention is not limited, but becomes ** base-material front face from a stimulus 
responsibility field, and the chain which has a reactant functional group, After making the base-material front face 
which makes a principal component a graft copolymer, an alternating copolymer, or a random copolymer form, How to 
make the reactant functional group of this copolymer fix the matter which has compatibility to the target matter, ** 
The block copolymer which has the chain which consists of a stimulus responsibility field, and the chain which has a 
reactant functional group, After combining with the reactant functional group of this copolymer the matter which has 
compatibility to the target matter in a graft copolymer, an alternating copolymer, or a random copolymer, The block 
copolymer which has the method of making it hold on a base-material front face, and the chain which consists of a ** 
stimulus responsibility field and the chain which has a reactant functional group, a graft copolymer, an alternating 
copolymer, or a random copolymer, After applying the solution containing the matter which has compatibility to the 
target matter on a base-material front face, the method to which each is made to react is mentioned. 
[0028] ** Even if the introductory method on the front face of a base material of the matter which has this copolymer 
or compatibility in -** is not limited but carries out a chemical bond to the reactant functional group of a base 
material, it is good to also make it sink into a base-material front face. Furthermore, you may carry out the graft 
copolymerization of the monomer which has a stimulus responsibility monomer and a reactant functional group 
directly on a base-material front face in the case of a graft copolymer. 

[0029] Moreover, in maintenance of the block copolymer which has the macromolecule chain which consists of a 
stimulus responsibility field to a base material, and the chain which has a reactant functional group, a graft copolymer, 
an alternating copolymer, or a random copolymer, you may carry out the graft polymerization of the monomer which 
has a reactant functional group beforehand on a base-material front face. Furthermore, you may add the polymer 
which does not have a stimulus responsibility field in maintenance of the aforementioned copolymer to a base material 
as the third component. It will not be limited especially if it is polymer with the functional group which can combine 
the chains which can combine a ligand or have a reactant functional group as polymer of this third component 
[0030] Recovery of the target matter which stuck to separation material is performed by making the higher order 
structure of a stimulus responsibility macromolecule change with stimuli of temperature, light, the electrical and 
electric equipment, etc. quickly. For example, after making the target matter adsorb in this state in the case of the 
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separation material to which a ligand exists in a front face under the conditions which the stimulus responsibility field 
contracted, the target matter will carry out desorption from a material-list side by making a stimulus responsibility 
field swell by external stimulus using the rapid environmental variation. Furthermore, even if it uses the conventional 
technology, such as protease processing, together to this recovery method, cell recovery in a short time becomes 
easy according to the synergistic effect 

[0031] The recovery at the time of carrying out desorption is 80% or more preferably 50% or more, although it changes 
with the structures and the composition ratios of the kind and state of a ligand, a stimulus response field, and an 
adsorption field which were fixed and the conditioning according to the service condition is needed. 
[0032] When weak coupling exists between the target matter and a stimulus responsibility macromolecule, you may 
desorb the target matter by dissociating the combination. You may use a physical method and a chemical method 
together if needed for the purpose of improvement in recovery etc. As a physical method, churning etc. is mentioned 
and heating/cooling change, pH change, ionic strength change, etc. are mentioned as a chemical method. 
[0033] Here, when a base material is a porous membrane, it is desirable that it is the fine porous membrane whose 
average aperture is 0.01 micrometers - 1 micrometer, and it is desirable that it is that whose average aperture is 0.02 
micrometers - 0.8 micrometers further. An average aperture is an average aperture measured by the palm porometer, 
and the principle is indicated by ASTM-316. Generally the size of a cell cannot pass this fine porous membrane at the 
time of the aforementioned average aperture because of divisor mum - 10 micrometers of numbers, but many cells 
will be caught by a membranous front face or the membranous surface section. When an average aperture exceeds 1 
micrometer, or when smaller than 0.01 micrometers, the touch area on a cell and the front face of a base material 
becomes large, and the effect using this fine porous membrane becomes low. Furthermore, when using this fine porous 
membrane, 5 micrometers - about 5000 micrometers are desirable still more desirable, and the thickness is 20 
micrometers - 400 micrometers. Here, if it is 5 micrometers or less, film intensity will become weak, if 5000 
micrometers is exceeded, volume will increase and a module will become large too much. Moreover, even if the 
configuration is a flat film-like, it may have the shape of a hollow filament and a tube. 

[0034] When this fine porous membrane is a membrane structure for un- the barrier layer to which the average 
aperture on the front face of the maximum becomes larger than a cell, and catches a cell may be formed in the 
interior of a film. Preferably, it is the film which can catch a cell on the membranous maximum front face. That is, it is 
desirable to adsorb not on the state where the leucocyte is sticking to the front face of fiber with large curvature by 
the phagocyte but on the flat surface which has a micropore. Therefore, as for this fine porous membrane, it is 
desirable to have the shape of the membrane structure of the shape of the shape of the shape of a mesh and sponge 
and a particle and the shape of a microfibril which were porosity-ized by the extending method, and the aggregate of a 
microfilament Such a manufacture method of a porous membrane was produced from the solution or the melting state 
by the well-known phase separation method. 

[0035] Furthermore, in the case of the above fine porous membranes, a stimulus responsibility macromolecule is not 
necessarily required. Since it has the average aperture of this fine porous membrane smaller than a cell, cell surface 
will be caught on the front face of a membranous real part and a hole part uneven in micro. That is, since it has 
combined with the ligand combined with the film front face unevenly in micro, when a cell sticks to a front face, the 
capping phenomenon often observed will be avoided, and it will stick to a cell soft. Therefore, the injury on a cell will 
decrease and the function of a cell in which it adsorbed will be maintained good. The hole part of the ratio of the real 
part and hole part in a cell adsorption site is 40 - 90% preferably 20 to 95%. 

[0036] After the cell recovery method at the time of making the aforementioned fine porous membrane into a base 
material passes a processed liquid and makes a target cell adsorb from one of this fine porous-membrane side, it 
pours cell recovery liquid from the field of an opposite side, and collects target cells. Since this fine porous membrane 
has the average aperture smaller than the size of a cell, it does not pass this fine porous membrane, but the trap is 
carried out to the membranous surface section. Therefore, when a cell puts a pressure in the direction of a desorption 
plain-gauze cone, it becomes possible to collect cells efficiently. When making a cell exfoliate from a base-material 
front face by protease processing, since there are few cohesive sites on the front face of a base material, as for this 
fine porous membrane, as compared with a non-porosity front face like the flask for cell cultures, it is possible to 
make a cell exfoliate easily from a base-material front face. Here, the target matter at the time of using this fine 
porous membrane is not limited to a cell. . 
[0037] Moreover, the aforementioned fine porous membrane can be used, including in a commercial filter electrode 
holder or the module of a well-known gestalt. 
[0038] 

[Example] . . 

(Example 1) The CD4+ cell (MT-4) was set up as target matter, stimulus responsibility separation material was 
produced as matter which has specific compatibility to the target matter, using poly (N and N-diethyl acrylamide) as 
anti-CD4 antibody (Leu-3a) and a stimulus responsibility macromolecule, and separation of a CD4+ cell was 

considered. ...... ■ • x- 4. 

[0039] Let poly (glycidyl methacrylate) which has an azo machine in a principal chain be a polymerization initiator. 
After carrying out the polymerization of the 80 degrees C of the N and N-diethyl acrylamides in dimethyl sulfoxide 
(DMSO) for 16 hours and making them reprecipitate in the petroleum ether, the block copolymer (mol composition 
ratio 3:1) which has poly (glycidyl methacrylate) as poly (N and N-diethyl acrylamide) and a reactant domain as a 
stimulus responsibility domain was obtained by carrying out reduced pressure drying of the polymer. 
[0040] The polyurethane sheet with a thickness of 100 micrometers was coated with the 3wt% dioxane solution of this 
block copolymer. Then, after coating 5mg [/ml ] solution of anti-CD4 antibody containing 0.01 wt% polyethyleneimine 
(average molecular weight 1200), stimulus response type separation material was obtained by making it react at 38 
degrees C for 1 6 hours. . ... ■ 

[0041] The CD4+ cell was made to adsorb by contacting the leucocyte liquid (1x106-/ml; which washed into this 
material with the albumin addition phosphoric-acid buffer (PBS) 1%, and was adjusted to it from the man fresh-blood 
buffy coat at 37 degrees C. When the desorption of an adsorption cell was observed using the phase-contrast 
microscope, it checked that desorption could be carried out by carrying out a rinse at 25 degrees C by PBS which 
added albumin 1%. . _ , 

[0042] (Example 2) After coating on the polyethylene sheet which carried out the surface graft polymerization ot the 
polymethacrylic acid after mixing the DMSO solution in which the 1.0wt% polymethacrylic acid was dissolved, and the 



4/6 



02/08/16 19:17 



httH^fc(Ww4Jpdljpo.gojp/cgi-bin/tran_web_cgi_eije 



4wt%DMS0 solution of the block copolymer produced in the example 1 by 1:1. 60 degrees C was made to react for 40 
hours. Then, you poured 20ml (pH 5.5) of 5mg [/ml ] 1-ethyl-3-(dimethylamino propyl) carbodiimide (sigma company 
make) solutions into the petri dish, and made it immersed at a room temperature for 5 minutes. Then, after having 
added the glycine so that it might become 0.2 mols by the last concentration after making it react having made 5mg 
[/ml ] solution of anti-CD4 antibody (Leu-3a) contact, and sometimes agitating at a room temperature for 1 hour, and 
leaving it for 1 hour, stimulus response type separation material was produced by carrying out a rinse by PBS. 
[0043] The CD4+ cell (MT-4) was made to adsorb by contacting the leucocyte liquid (1x106-/ml) which washed into 
this material by the albumin addition PBS 1%, and was adjusted to it from the man fresh-blood buffy coat at 37 
degrees C. When the desorption of an adsorption cell was observed using the phase-contrast microscope, it checked 
that desorption could be carried out by carrying out a rinse at 25 degrees C by PBS which added albumin 1%. 
[0044] (Example 3) Let the copolymer (mol composition ratio 1:1) of the glycidyl methacrylate and methyl acrylate 
which have a peroxide machine in a principal chain be a polymerization initiator. The polymerization of the 80 degrees 
C of the N-isopropyl acrylamides was carried out in DMSO for 16 hours, and the block copolymer (mol composition 
ratio 4.8:1) which has poly (glycidyl methacrylate-methyl acrylate copolymer) as poly (N-isopropyl acrylamide) and a 
reactant domain as a stimulus responsibility domain was obtained. 

[0045] 0. After mixing 60%DMSO solution which contains the above-mentioned block-copolymer 2wt% in 20%DMSO 
solution containing anti-CD4 5wt% antibody (Leu-3a) by 1:1, the polyethylene sheet which carried out surface graft 
polymerization was coated with the polymethacrylic acid, and it was made to react 60 degrees C for 40 hours. 
[0046] The CD4+ cell (MT-4) was made to adsorb by contacting the leucocyte liquid (1x106-/ml) which washed into 
this material by the albumin addition PBS 1%, and was adjusted to it from the man fresh-blood buffy coat at 37 
degrees C. When the desorption of an adsorption cell was observed using the phase-contrast microscope, it checked 
that desorption could be carried out by carrying out a rinse at 25 degrees C by PBS which added albumin 1%. 
[0047] (An example 4, example 1 of comparison) It experimented using the fine porous membrane (the shape of 0.14 
micrometers of average apertures, 80 micrometers of thickness, and a surface mesh) which has specific compatibility 
to a CD4+ cell (MT-4) and a target cell as a target cell and which makes polypropylene a principal component as pit 
CD4 antibody (Leu-3a) and a fine porous membrane as matter. Moreover, it experimented similarly, using a 
non-extended polypropylene film (60 micrometers of thickness) as an example 1 of comparison. 
[0048] The block copolymer (mol composition ratio 4.5:1) of methoxy ethyl acrylate and glycidyl methacrylate was 
obtained by carrying out reduced pressure drying of the polymer by making into a polymerization initiator poly (glycidyl 
methacrylate) which has an azo machine in a principal chain, after carrying out the polymerization of the 80 degrees C 
of the methoxy ethyl acrylate in DMSO for 16 hours and making it reprecipitate in an isopropyl ether. 
[0049] The fine porous membrane made from polypropylene was coated with the 2wt% tetrahydrofuran solution of this 
block copolymer. Then, after coating the methanol / water (1:1) solution of 0.5wt% polyethyleneimine (average 
molecular weight 1200), the fine porous membrane which combined polyethyleneimine with the base-material front 
face was obtained by making it react at 60 degrees C for 1 6 hours. Then, you poured 20ml (pH 4.5) of 20mg [/ml ] 
1-ethyl-3-(dimethylamino propyl) carbodiimide (sigma company make) solutions into the petri dish, and made it 
immersed at a room temperature for 3 hours. Then, after making it react, having made 50microg [/ml ] solution of 
anti-CD4 antibody contact, and sometimes agitating at 4 degrees C for 1 6 hours, it washed by PBS. 
[0050] The leucocyte liquid (1x106-/ml) which washed by the albumin addition PBS 1%, and was adjusted from the 
man fresh-blood buffy coat was contacted on the film of this material and the example 1 of comparison at 37 degrees 
C, and the CD4+ cell was made to stick to it After the desorption of a cell added EDTA / trypsin solution, it was 
observed with the phase-contrast microscope. The fine porous membrane of the desorption of a cell was quicker as 
compared with the film. 

[0051] (An example 5, example 2 of comparison) It experimented using the fine porous membrane (the shape of 0.47 
micrometers of average apertures, 80 micrometers of thickness, and surface sponge) which has specific compatibility 
to a CD4+ cell (MT-4) and a target cell as a target cell and which makes poly vinylidene fluoride a principal 
component as anti-CD4 antibody (Leu-3a) and a fine porous membrane as matter. Moreover, it experimented similarly, 
using a poly vinylidene fluoride film (60 micrometers of thickness) as an example 2 of comparison. 
[0052] Let poly (glycidyl methacrylate) which has a peroxide machine in a principal chain be a polymerization initiator. 
After carrying out the polymerization of the 80 degrees C of the N-isopropyl acrylamides in DMSO for 16 hours and 
making them reprecipitate in an isopropyl ether, the block copolymer (mol composition ratio 3.2:1) which has poly 
(glycidyl methacrylate) as poly (N-isopropyl acrylamide) and a reactant domain as a stimulus responsibility domain was 
obtained by carrying out reduced pressure drying of the polymer. 

[0053] The fine porous membrane made from poly vinylidene fluoride was coated with the 2wt% tetrahydrofuran 
solution of this block copolymer. Then, after coating the methanol / water (1:1) solution of 0.5wt% polyethyleneimine 
(average molecular weight 1200), the stimulus response type separation material which combined polyethyleneimine 
with the front face was obtained by making it react at 60 degrees C for 16 hours. Then, you poured the 20mg [/mi ] 
1-ethyl-3-(dimethylamino propyl) carbodiimide (sigma company make) solution into 20ml (pH 5.5) petri dish, and made 
it immersed at a room temperature for 4 hours. Then, after making it react, having made 50microg [/ml ] solution of 
anti-CD4 antibody contact, and sometimes agitating at 4 degrees C for 16 hours, the rinse was carried out by PBS. 
[0054] After preparing a CD4+ cell to 1x106-/ml by PRMI1640 culture medium, the CD4+ cell was made to adsorb by 
making a sample contact at 37 degrees C. Although the adsorption cell was carrying out desorption by the fine porous 
membrane when observed with the phase-contrast microscope after adding PBS cooled at 4 degrees C, the cell which 
has not carried out desorption partially was observed with the film. 

[0055] (An example 6, example 3 of comparison) It experimented like the example 5, using anti-CD4 antibody (Leu-3a) 
as matter which has specific compatibility to a CD4+ cell (MT-4) and a target cell as a target cell, using the filter 
made from polyurethane (the shape of 150 micrometers of thickness, 0.6 micrometers of average apertures, 1.4 
micrometers, and surface sponge) as a base material. Moreover, it experimented similarly using the imperforation 
polyurethane film as an example 3 of comparison. 

[0056] When the number of cells which carried out desorption recovery was compared, with 26000 pieces and an 
urethane film, the number of the urethane filters whose average apertures the number of the urethane filters whose 
average apertures are 0.6 micrometers is 51000, and are 1.4 micrometers is 22000, and the predominance of a fine 
porous membrane was checked. t 
[0057] (Example 7) The film of an example 5 was evaluated using the module for flat films (24cm of effective film 
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surfac products 2). this module be far apart with a film — it has the space of two **, a liquid input and a liquid tap 
hole are in one space, and the input of recovery liquid is in another space 

[0058] After preparing a CD4+ cell to 1x105-/mi by PRMI1640 culture medium, it pass d from 100ml and the liquid 
input to the liquid tap hole by the rate of flow of 2 ml/min at 37 degrees C. After cooling a module at 4 degrees C, 
from a membranous cell adsorption side and a membranous opposite side, recovery of a cell passed 20ml of PBS(s) 
cooled at 4 degrees C by the rate of flow of 2 ml/min, and collected them from the liquid tap hole. Cell recovery was 
63%. 
[0059] 

[Effect of the Invention] A compatibility field [ as opposed to a stimulus responsibility field and the target matter in 
the separation material of this invention ] exists. Therefore, the volume change in a stimulus responsibility field 
becomes large, and the desorption of an adsorbate becomes easy to happen. Moreover, since a capping phenomenon 
when a target cell adsorbs by making phase separation structure form in a base-material front face can be 
suppressed, quality cells with few functional injuries can be collected. 

[0060] Furthermore, by the fine porous membrane which limited the average aperture of the base material of the 
stimulus response type separation material of this invention, when an average aperture is smaller than the target 
matter, it will be caught on the front face of the real part of a fine porous membrane, and a hole part uneven in micro, 
a capping phenomenon will be avoided, and it will stick to the target matter soft Therefore, the injury on a cell will 
decrease and the function of a cell in which it adsorbed will be maintained good. Furthermore, it becomes easy to 
carry out the desorption of the cell from a base material, since there are few cohesive sites with a base material as 
compared with a non-porosity front face. 

[0061] Moreover, since a target cell does not pass a fine porous membrane but the trap is carried out to the 
membranous surface section by pouring cell recovery liquid from the field of an opposite side after the cell recovery 
method at the time of a fine porous membrane passes a processed liquid and makes a target cell adsorb from one 
membranous side, it enables a pressure for a cell to collect cells efficiently by this thing in the direction of a 
desorption plain-gauze cone. 

[0062] Consequently, it will come to be able to perform separation refining of the conventionally difficult corpuscle 
system cell or a functional cell simple, and the separation material and technology of this invention will demonstrate 
an effect to the production and the cell therapy using separation of a target cell, proliferation, functional conversion, 
etc. of bioproducts, gene therapy, a diagnosis, etc. Moreover, this invention will discover an effect as new separation 
technology not only in a medical field but in various kinds of industrial fields. 
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